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Axiom ii. ; there is the “ grand ” principle of the conserv¬ 
ation of momentum, the algebraic sum total of it along 
any direction in the universe being constant (and possibly 
zero) by Newton’s Axiom iii. ; as well as the “ grand ” 
principle of the conservation of energy. 

k Now I hold that it is invidious to apply laudatory epithets 
of various degrees to these principles; but it may not be 
wrong to point out that in many respects the momentum 
principle has a marked advantage over the energy principle, 
the former being very often very easily, and without any 
danger of error, applicable, while the latter (owing to the 
elusiveness of energy) is full of danger to the unwary. 

Postulating now the existence of spirit, we find a difficulty 
in defining this entity; but no greater mystery attaches 
to it than that involved in matter. The spiritualists imagine 
that they gain something by calling matter hard and con¬ 
temptuous names—“ mere ” matter, “ gross ” matter, 
“ mere gross ” matter, &c. The names are harmless, and 
do not assist ideas in any way. 

Postulating, then, the existence of a spiritual domain, the 
crucial question arises : does Newton’s Axiom iii. hold for 
the interaction of the domains of matter and spirit? If it 
does, there is no dynamical principle interfered with ; in the 
dual domain there are conservations of force, of momentum 
and of energy ; but in the physical universe, taken separ¬ 
ately, neither force nor momentum would be conserved, 
although energy might. On the other hand, if Newton’s 
Axiom iii. does not hold for the interaction of the two 
domains, no principle of conservation could be enunciated 
for either domain, or for the system of the two together. 

Sir Oliver Lodge is anxious to make out the existence 
of a spiritual domain, and to allow it a certain influence on 
the physical, which influence, however, “ perturbs physical 
and mechanical laws no whit.” How does he effect this? 
By assuming (to put the thing into mathematical language) 
that the forces exerted on material things by the spiritual 
are forces which do no work—such as are reactions of 
smooth fixed surfaces, tensions of inextensible cords, &c. 
These are sometimes called “ deviating ” forces. Sir Oliver 
calls them “ guiding and controlling ” forces. But it 
matters not what they are called, they fail in their object. 
They allow, indeed, the physical universe to keep its sum 
total of energy intact, but they infallibly alter its total 
momentum and total force in every direction. 

When Sir Oliver says “ guidance and control are not 
forms of energy, and their superposition upon the scheme 
of physics perturbs physical and mechanical laws no whit,” 
he says what is perfectly true of any conceivable forces— 
whether merely “ guiding ” or not. However force may 
be produced on a material particle, the effect on the particle 
will certainly be in accordance with Newton’s Axiom ii. ; 
so that, in the sense in which Sir Oliver’s statement is true, 
there is no necessity to postulate that spiritual forces are 
forces which act on matter but do no work. 

It is a physical and mechanical law that when any system 
of material particles is subject to no forces but its own 
internal forces, the centre of mass of the system is either 
at rest or in uniform motion in a right line, and also that 
its sum total of energy, kinetic and dynamic, is constant. 
But if Sir Oliver Lodge implies that both of these results 
can remain unaltered if that material system is acted on 
by spiritual forces, he is certainly wrong. His deviating 
or “ guiding, ” spiritual forces can leave the total energy 
(kinetic and dynamic) of that material system unaltered, 
hut they must inevitably interfere with the rest, or constant 
motion,^ of the centre of mass. Many of his readers may 
take this meaning out of his words; but I am sure that he 
cannot intend to be thus understood. 

It seems to me that Dr. Hobson in his letter on the 
subject has done well to direct attention to the real status 
of the “ grand ” principle of the conservation of energy. 

George M. Minchin. 

Coopers Hill, Engiefield Green, Surrey. 


Psychophysical Interaction. 

As a psychologist I have read with deep interest Sir 
Oliver Lodge’s paper in your issue of April 23, and I write j 
to ask him to make clear some points which his paper leaves j 
obscure to my mind. Those of us who are not mathe- 1 
maticians feel themselves to be very much at the mercy of ' 
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those who are, and we can only beg the physicists to re¬ 
member our infirmity and to put their statements before us 
in the clearest, simplest, and most carefully chosen language. 
Sir Oliver Lodge, as Clerk Maxwell did before him, throws 
out to psychologists the suggestion that mind may act upon 
body by exerting guidance without doing work. Such 
guidance, we are told, may be effected by the application of 
force to moving masses in the nervous system in directions 
perpendicular to the direction of the movements of those 
masses. “ Guidance is a passive exertion of force without 
doing work ; as a quiescent rail can guide a train to its 
destination, provided an active engine propels it.” This 
is the sentence that I find so indigestible. And my con¬ 
fusion is but increased by Sir Oliver Lodge’s further illustra¬ 
tions. He distinguishes two kinds of force. “ Force in 
motion is a * power,’ it does work and transfers energy 
from one body to another. But a force at rest—a mere 
statical stress, like that exerted by a pillar or a watershed 
—does no work, and alters no energy ; yet the one sustains 
a roof which would otherwise fall, thereby screening a- 
portion of ground from vegetation ; while the other deflects 
a rain-drop into the Danube or the Rhine.” And, again, 
we read that life can exert “ the same kind of force which 
can constrain a stone to revolve in a circle instead of in a 
straight line; a force like that of a groove or slot or 
channel or ‘guide.’” My first question is, Is it fair to 
say that the pillar supporting the roof exerts a force in the 
same sense as the rail which guides the train, the roof 
which guides the rain-drop, or the hand which holds the 
string? In the first case there is no motion, and therefore 
no change of direction of motion, no alteration of energy; 
in the other cases there is motion and alteration of direc¬ 
tion of motion. Secondly, is it fair to call the rail 
quiescent? In guiding the train round a curve does not 
the rail, and the mass to which it is made fast, suffer an 
acceleration or a change of motion in the direction opposite 
to that of the train? When I swing round a heavy ball 
on a string, and feel it pulling my hand centrifugally, and 
when by muscular effort I resist the pull, is that “ a passive 
exertion of force without doing work ”? Or, if the string 
is fastened to the end of an upright pole, is there not 
movement of the mass to which the pole is fixed in the 
direction opposite to the deflection of the movement of the 
ball? Every kind of mechanical guidance that I can picture 
to myself seems to imply action and reaction, change of 
direction of one momentum seems to imply always an 
opposite change of direction of an equivalent momentum. 
This is, I suppose, the mechanical law of conservation of 
momentum, of which Prof. James Ward tells us that it is 
incompatible with the conception of guidance without work. 

I ask Sir Oliver Lodge whether we are to understand that 
he is prepared to throw this one mechanical law to the 
wolves in order to preserve the rest of the creed of the 
physicists unharmed by Prof. Ward’s attack? Or are we 
to understand that he repudiates the law of conservation 
of momentum in toto ? In that case, I ask him to describe 
for us clearly a single case of mechanical guidance in which 
momentum is not conserved, or, since my use of the phrase 
may be technically incorrect, I ask him to describe a case 
of change of direction of motion of any mass produced 
without expenditure of energy or opposite change of direc¬ 
tion of motion of other mass or masses. 

I submit that Sir Oliver Lodge abstracts from the idea 
of motion the attribute of direction in space, and that such 
abstraction is illegitimate, save for certain purely theo¬ 
retical purposes. All motion has direction in space, which 
would seem to be an essential element in all considerations 
of energy values. Sir Oliver tells us that life and mind 
cannot generate energy, though they can guide moving 
masses by exerting forces perpendicular to the direction of 
motion. But consider, then, the following case. Imagine 
a universe consisting of two inert masses flying through 
empty space in the same direction and at the same rate, 
and a soul contemplating them. That universe would be 
devoid of energy. Then suppose the soul to exert a force 
upon one of the two masses, perpendicularly to its direction 
of motion, so as to swing it round through a semicircle 
until it rushes to meet the other mass. The soul, by 
“ guidance,” has then created energy, and I take it that the 
same considerations would hold true in cur more complex 
universe. 
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But this difficulty in conceiving that mind or soul can 
play a part in the world of matter by acting upon masses 
in the brain exists only for those who persist in holding 
the untenable hypothesis that all energy is kinetic energy, 
is the motion of matter. This has proved, of course, an 
excellent working hypothesis, but that it is true of all forms 
of energy is nothing more than a pious hope. Yet it is 
the definition of energy in these terms (tacitly or explicitly) 
that perpetuates the ancient difficulty of conceiving the rela¬ 
tions of mind and body, and it is the persistent adherence 
to this conception that, on the one hand, has landed so many 
minds in the absurdities of psychophysical parallelism, 
and, on the other hand, drives so many others to refuse a 
general acceptance of the law of conservation of energy, and 
to believe in an activity of the soul unconditioned by the 
past, a belief which destroys the rational basis of morals 
and renders a science of history and of society impossible. 

To me it seems that this fundamental problem can only 
be properly stated when we cease to regard matter as the 
ultimate physical reality, when with Prof. W. Ostwald we 
say, “ Matter is no longer present for us as a primary con¬ 
ception ; it arises as a secondary phenomenon through the 
constant coexistence of certain forms of energy. We shall 
therefore have to frame the question in a new form—How 
are psychical phenomena related to the energy-concept? ” 
and “ that in the case of psychical processes we have to do 
with the rise and the transformation of a special kind of 
energy, which we, in order to be able to speak of it, will 
name provisionally psychical energy (geistige Energie).” 1 

Haslemere, April 26. W. McDougall. 


I have pleasure in answering Mr. McDougall’s questions 
so far as they are addressed to me. 

In the first place I have not presumed to say how psychic 
control actually is exercised ; but, in contradistinction to 
those who hold that control or guidance is impossible with¬ 
out the generation or introduction of fresh energy, I have 
pointed out that very simple and familiar mechanical 
arrangements do constantly exert guidance without doing 
any work ; for instance, a line of rails. 

Mr. McDougall thereupon asks me whether the line of 
rails is really quiescent, whether it is not subjected to an 
opposite acceleration. I reply yes, but what of that? The 
yield of rail is infinitesimal, but whatever its magnitude it 
is such as to make the guidance less effective, not more; it 
is a passive yield to pressure, not an active exertion of 
energetic work-performing force in the direction of motion 
or of change of motion. The recoil of a gun is of no assist¬ 
ance in propelling a bullet. 

In so far as the rails yield to the train as it enters Euston 
by a curve, they guide it not to Euston as it was, but to a 
slightly shifted destination. No matter, they guide it, and 
they have had no energetic or propelling power whatever. 

He asks me further if I fully admit the principle of 
universal equal opposite reaction, and the consequent con¬ 
servation of momentum. 

Certainly I do ; but I do not admit the (as I think) mis¬ 
taken use Prof. James Ward makes of the principle in the 
sentence which he refers to. 

Mr. McDougall seems to overlook the fact that kinetic 
energy is independent of direction. Whether a thing be 
moving north or south or east or west its energy depends 
on mass and speed alone. To change the speed, work is 
necessary; no work is needed to alter the direction. 
Perhaps it may be a help to him, though it is not really 
important in this connection, if I say that great momentum 
does not necessarily imply great energy. The momentum 
of a recoiling gun or earth is equal to that of the projectile, 
but the energy of the projectile is enormous in comparison 
with the energy of recoil. 

He asks me for an example of “ a change of direction of 
motion of any mass produced without expenditure of energy 
or opposite change of direction of motion of other mass or 
masses.” But the two things are not the same. An 
instance of change of direction of motion without expendi¬ 
ture of energy is afforded by the instances we have already 
taken, or by any perfectly elastic rebound—that of a comet 
from the sun, for instance. Undoubtedly the sun thereby 
acquires an equal opposite momentum, but what of that? 

1 “Vorlesungen iiber Naturphilosophic ” (Leipzig, 1902). 

NO. ! 750 , VOL. f>8] 


The modicum of energy in this momentum is infinitesimal, 
for one thing, and for another it comes from the comet, not 
from the sun; it renders the rebound less efficient, not 
more; it is no supply of energy from the central practically 
stationary mass. The same thing is true of a ball whirling 
on a string round a pole. When a boy holds the string in 
an active hand, it is quite easy and usual to do a little 
work by moving the hand a quadrant in advance of the 
ball, and thus to maintain, or even increase, its energy ; 
but the force so exerted by a hand is not purely radial, it 
has a tangential component, and this part of it is effectively 
propulsive. An energetic, not a passive, centre is needed 
for that. 

Coming to another part of his letter; his illustration of 
a great display of available energy being brought about by 
the reversal of motion of one of two similarly flying bodies, 
suffers from the confusion of energy with available energy. 
The flying of air molecules, for instance, is in every direc¬ 
tion, sometimes so as to be able to collide, sometimes not, 
but their energy is quite independent of these directional 
circumstances. As Dr. Hobson truly says in your issue of 
April 30, ** the principle of energy, if applied to even the 
simplest dynamical system which is possessed of more than 
one degree of freedom, is, taken by itself, wholly in¬ 
sufficient for the determination of the motion of such 
system.” That is one part of my contention, technically 
stated. In so far as a question of absolute velocity seems 
involved in the energy of a single isolated flying mass, I 
might refer to a discussion of that aspect of the matter in 
the Philosophical Magazine for October, 1898. 

In conclusion, I perceive that Mr. McDougall, like some 
other philosophers, hopes to jump the admitted difficulties of 
psychophysical interaction by ignoring “ matter ” altogether 
and taking refuge in “ energy ” alone. I venture to predict 
that those who attempt this will find that though they may 
wander in dimness for a time, and may cultivate an un¬ 
awareness of difficulties by failing to see them distinctly, 
they will not derive any ultimate satisfaction from the 
blindfolding; nor do I think that they will be well advised 
to transplant the definite physical term ” energy,” even 
though prefixed by a special adjective such as geistige, in 
order to denominate what is probably a perfectly distinct 
psychical entity with laws of its own. Oliver Lodge. 


Those of your readers who have been interested by Sir 
Oliver Lodge’s article printed in Nature, April 23, on 
the ” Interaction Between the Mental and Material Aspects 
of Things,” may be glad to be referred to Thomas Solly’s 
essav on -the Will, published in 1856. 

The suggestion of Solly is that every act of the will is 
simply a guidance of mental activity, infinitesimal, indeed, 
in its amount in each individual act, but such as to influence, 
not the external world, but the character of the individual 
exercising it, so that the same external stimulus operates 
after each successive act of the will on an individual whose 
character has been changed by that act, whence same 
stimulus is no longer necessarily the same motive. By 
thus regarding each act of the will as a “ self-determination 
of the subject,” the acts of choice or guidance are assumed 
to take place in a region of activity about which we have 
no physical information whatever, and the interactions of 
material things are left absolutely untouched. 

Tim significance of the suggestion is made extremely 
clear in Solly’s chapter on “ Liberty, a Self-Determination 
of the Subject,” and in subsequent chapters, by means of 
very happily chosen geometrical illustrations. 

Mohuns, Tavistock, April 26. A. M. W t orthington. 


Mendel’s Principles of Heredity in Mice. 

The issues raised in the case of these mice are as yet of 
such a simple and familiar kind that the source of Prof. 
Weldon’s difficulty is not easy to surmise. When a gamete 
G bearing albino and pink-eye meets a gamete G' bearing 
coloured coat (in this case fawn) and pink-eye, a hetero¬ 
zygote GG' was produced, with dark eyes and coloured coat. 
Such hybrids, as the experiments proved, gave off equal 
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